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A Tale of Success: Embedding Remediation and Curricular Design
Abstract
This paper reports how high failure rates in the first quantitative course that college business majors take
were significantly reduced by implementing course-embedded remediation. More specifically, this paper
details our process for identifying students at risk, placing them in special sections of the first
quantitative course, and adding an additional hour of application of course concepts which resulted in a
statistically significant increase in pass rates. The study focused on the learning environment, the attitude
of the student, the utility of the material and the role of the professor for this special course. We feel this
research is timely, as many colleges in the United States consider removing entrance exams as a means
of evaluation into higher education.
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Introduction
In 2015, the Business Analytics department (BAAS) in the School of Business at
Siena College had their annual assessment meeting. The discussions at this meeting
centered on the mission of the college and how we could empower students with
the knowledge and values to lead, serve, and succeed in their careers, communities,
and lives. The BAAS department takes this mission seriously and recognizes its
foundational role in preparing students for subsequent coursework. Our
department’s assessments routinely showed that deficiency in algebra skills was a
major factor contributing to our students’ poor performance in our first quantitative
course, Math for Decision Making I (QBUS 100). Hence, we created a strategy to
help empower students with weak mathematical skills to become stronger students.
We discussed the idea of embedded remediation with administration, and upon
approval, a pilot section ran in the Fall 2016 semester. In designing our remedial
course, we focused on some of the variables of the learning environment, the
attitude of the students, the professor, and the utility of the subject matter. In our
extensive literature review, the above four concepts were key factors in a successful
quantitative course.
This paper describes our study to determine if embedded remediation succeeds
in a business mathematics course. Our definition of successful was if the usage of
embedded remediation had a significant impact on final grades and DFW rates in
our QBUS 100 course. The objective of this study is to answer two questions using
uniquely defined comparison groups:
•
•

Does embedded remediation have any impact on final grades and DFW rates in a first level
college core quantitative course that relies on applications to drive understanding?
Do initial success rates of the students from application-driven embedded remediation in
QBUS 100+ carry over to the next quantitative course in the sequence QBUS 110?

At Siena College, we offer Mathematics for Decision Making I (QBUS 100),
a core mathematics course and a required course for all School of Business students,
but an elective for students in the other Schools. QBUS 100 is the first of three
required quantitative courses (QBUS 100, QBUS 110, and QBUS 200) for all
School of Business students. Prior to the course redesign, all students in the School
of Business enrolled into QBUS 100 unless they had transfer credits from another
institution for a similar course, meaning that regardless of mathematical
preparation, all incoming freshmen were assigned a section of QBUS 100 based
solely on which section fit into their schedule. QBUS 100 discusses the algebraic
techniques needed to solve problems in a wide variety of business applications. We
use the applications to help motivate and drive the understanding of the underlying
algebraic concepts. This paper will discuss how we assigned students into the
remedial sections of QBUS 100, the design of the remedial sections, and the results
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of the comparison study. This paper will also discuss the effect, if any, on student
performance in the next level mathematics course in the sequence.

Literature Review
Many studies have focused on the state of quantitative preparedness of students
entering college, subpopulations disproportionately impacted, and the associated
impact on success in college coursework. The 2012 National Assessment of
Educational Progress (NAEP) found only 26% of high school seniors to be
proficient or higher in mathematics (National Science Board 2016).
The struggles of School of Business students in quantitative courses are a
common theme in our review. These struggles turn into negative attitudes and
anxiety toward mathematics, which is displayed in academic performance and
career opportunities as well documented in the literature (Wigfield and Meece
1988; Meece et al. 1990; Bessant 1995; Singh et al. 2017). Attitude, anxiety,
confidence, and one’s mathematical preparedness have some bearing on one’s
selection of major within business, with students that struggle quantitatively
gravitating toward majors like marketing (Schlee et al. 2007), with ease of
completion often being a significant consideration for marketing majors (Davies
and Tikoo 2018). According to Lee and Lee (2009), the mathematical ability of a
student is a significant factor in the successful completion of business programs in
general. Within accounting, math skills are found to be positively correlated with
performance in introductory accounting courses as well as overall GPA (Sunday
and Nelson 2017). In finance programs, students are underprepared (Tanner and
Cudd 1999) in a field that is heavily dependent upon those skills. Math skills also
play a crucial role in success within introductory economics courses (Ballard and
Johnson 2004).
A vital component to teaching quantitative courses in business is to ensure that
students see many applications of learned quantitative skills. Cognitivists like
Godden and Baddeley (1975) suggest that knowledge and skills could be recalled
and retained more easily if the content is learned in the same or similar context in
which it will be applied. In addition, to structure their knowledge for more effective
use, students’ knowledge base should be organized around problems (Gallagher
1997). Numerous researchers have studied and noted the importance of integrating
mathematical content with a relevant business application (Porter and McKibbin
1988; Brunei and Hibbard 2006; Athavale et al. 2008). We cannot understate this
importance as both scholars and recruiters contend that quantitative skills figure
prominently in enabling professional success (McClure and Sircar 2008).
Traditional remedial coursework, where students take prerequisite (often noncredit bearing) remedial courses at the college level, has not led to the success in
courses for which the remediation was intended (Bailey and Jaggars 2016). One of
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the potential reasons for failure is the failure to connect teaching and remediation
with applications relevant to students in their chosen areas of study (Grubb 2013).
The majority of students who pass remedial mathematics courses require more than
one attempt and are not found to be any more likely to graduate when compared to
comparable students who did not go through remediation (Attewell et al. 2006).
Sometimes students that are identified as in need of remedial or developmental
coursework do not enroll in the recommended course. These students also fail to
either complete that course or sequence of courses or leave the college (Jaggars and
Hodara 2011). In 2017, the California State University (CSU) system reported
results similar to the findings in Attewell et al. (2006) and Jaggars and Hodara
(2011); consequently the Chancellor’s office released Executive Order 1110. This
order eliminated remedial mathematics courses from the 23-campus CSU system.
In response to this order, California State University Monterey Bay (CSUMB)
created a co-requisite model for all their general education mathematics courses,
which utilized an optional support course was taken at the same time as the
students’ required mathematics course (Clinkenbeard 2021). This model is what we
refer to when we use the term co-requisite model going forward. Their research
suggests, “corequisite support courses may have potential to improve academic
outcomes for students . . . further study is needed to determine common
characteristics of successful corequisite support models” (Clinkenbeard 2021, 17).
Our study will lend support to the success of co-requisite support models by
identifying some common characteristics of successful courses and highlighting
our results, suggesting that concurrent remediation, as opposed to the more
traditional prerequisite remediation, may be more effective in improving outcomes
in quantitative courses.
One can use co-requisite models as an alternative to prerequisite remediation
models. Co-requisite remediation works exactly as it sounds; where a student takes
a support course in tandem with the required course in order receive the additional
support and remediation required. The Tennessee Board of Regents (TBR)
implemented a pilot co-requisite model in the 2014–2015 academic year within
community colleges and universities and saw a quadrupling in passing rates of
students in the credit-bearing college-level gateway courses when compared with
the prerequisite remediation model (Denley 2016). We note that the TBR model
was analyzed for one semester in 2012, thus limiting Denley’s (2016) analysis.
Moreover, the thrust of the paper was not about the benefits of co-requisite
modeling, but if this type of modeling is economically sound.
Regis College implemented a similar co-requisite model to that of the TBR and
compared it with pre-requisite remediation. At Regis, students were enrolled in a
quantitative reasoning course, with problem solving as the central focus. Students
who took the remedial course in tandem with the quantitative reasoning course
performed significantly better in the quantitative reasoning course than the students
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who took the remedial course as a prerequisite (Kashyap and Santhosh 2017).
Please note that the students who enrolled in the corequisite course at Regis College
earned one credit for the remedial work and three credits for the traditional course.
At Regis, a combination of an assessment test and SAT scores determined whether
a student needed remediation, a model similar to how our study identified students
needing remediation. In addition, Barbitta and Munn (2018) and Royer and Baker
(2018) have found similar success for the co-requisite remediation model.
In line with the co-requisite remediation strategy, another potential strategy for
successful remediation is the use of embedded or just-in-time remediation. This
model is used in our study, and it is a variant of the co-requisite model that
effectively builds the support into an extended version of the class. Embedded
remediation is distinct from the co-requisite model in that there is no separate class
that must be taken concurrently. Instead the necessary remediation is designed to
be a just-in-time part of the course for which the remediation is intended.
A small study involving liberal arts majors taking their first mathematics
course required for their program of study, while not conclusive, suggests that the
use of an additional credit hour of classroom instruction, used for remediation as
needed, has the potential to improve passing rates (Perez et al. 2018). The use of
online modules to serve the function of just-in-time remediation for mathematics in
geosciences has also been used with promising initial results (Burn et al. 2013),
though a more rigorous examination is required. California utilized just-in-time
strategies as an integral effort in remediation. During California’s investigation,
they found that by embedding the remediation, the remediated skills needed are the
practical applications pertinent to the student’s area of study (Hern 2012).
Natarajan and Bennet (2014), at Kansas State University, also used just-in-time
remediation with some success in the context of a first-semester calculus course.
The authors reported gains in learning on the topics of limits and the chain rule for
derivatives by using modified just-in-time review modules.
Michigan State University (MSU) piloted embedded remediation that was
similar to the findings of Perez et al. (2018). A study performed by Matz and
Tunstall (2019) at MSU finds that students enrolled in embedded remediation
performed worse overall than students not enrolled in remedial courses. In contrast,
the study performed by Perez et al. (2018) at WSU reported that embedded
remediation seemed to make a positive impact on student performance. A few
differences in these studies are the variables of class size, the type of professor or
student teacher utilized, and the details given for the weekly embedded remediation
time block. We do note that the study at MSU, due to their size, was able to analyze
along the factors of race and financial need. A limit that came from the MSU study
was the potential for a lack of buy-in from the students in the remediation sections,
thus their effort given in the remediation sections. Matz & Tunstall (2019) go on to
state that if high-impact practices like active learning and focus on purpose are not
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used, then the extra meeting times each week will not mitigate the differences in
students’ quantitative backgrounds. As we will report, student attitudes and the
learning environment are key ingredients to a successful remediation course.
Based on our literature review, embedded remediation has been utilized with
promising results. The previous studies discuss different designs that each college
deployed and the results of these ventures. The studies looked at the topics of the
remediation sections, the placement of students in the remediation sections, and the
class size for the remediation sections. The previous studies also discussed the role
of the professor in the lecture and the remediation section.
Our study builds on these initial findings of embedded remediation. We further
the research by looking at a unique category of student, that is, a student enrolled
in the School of Business. The School of Business is part of a small liberal arts,
religious campus. A School of Business student at Siena College will take a
minimum of three quantitative courses during their academic career. These courses
will utilize applications from all areas of business to ensure students are prepared
for real-world problem solving. Our remediation was a two-pronged attack with
focus on both translation of business applications to mathematical equations and
the remedial algebra necessary to solve the equations. This dual-faceted approach
allowed us to demonstrate relevancy to the students as we worked on algebra skills.

Context and Course Design
Siena College is a private four-year institution with an undergraduate student
population of 3,200. The School of Business is one of three schools at Siena
College. Any student that enrolls into the School of Business must complete the
College Core and the Business Core. The College Core consists of introductory
liberal arts and science courses that allow our students to grow into well-rounded
scholars. The Business Core at Siena College consists of the essential coursework
that a student in the School of Business needs to be successful in their chosen career.
The courses in the Business Core include economics, accounting, marketing,
management, finance, spreadsheets, and four quantitative analysis courses.
The School of Business traditionally enrolls 300 students into QBUS 100. An
additional 30–50 of the students in QBUS 100 are from the School of Liberal Arts
or School of Science. QBUS 100 is the first quantitative course in a sequence of
three mathematics courses in the Business Core and it satisfies the quantitative
requirement in the College Core. Hence the reason for the small mixture of students
from outside the School of Business taking the course. QBUS 100 covers algebraic
techniques needed to solve a wide variety of business applications including time
value of money. QBUS 110, the second course of the three-course sequence, is a
classical business calculus class covering limits, derivatives, and basic integration,
all with a focus on applications. QBUS 200 is a traditional statistics class that uses
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business applications to highlight the techniques in the course. We note that QBUS
100 is a pre-requisite for QBUS 110, which is a pre-requisite for QBUS 200. All
three quantitative courses are required for any students that are in the School of
Business. The BAAS department has complete responsibility for the teaching and
assessment for these courses.
The typical grading scale at Siena College is that an A is any final grade above
an 89%, B is any final grade between 80% and 89%, C is any final grade between
70% and 79%, D is any final grade between 60% and 69%, and an F represents any
final grade lower than a 60%. Please note that a student could withdraw from a
course until the two-thirds point of the semester. If a student did withdraw from the
course, they would receive a letter grade of W. A student’s final grade in any of the
math courses is determined by some weighted average of homework, labs, quizzes,
projects, tests, and/or finals. All the math courses at Siena College are required to
give comprehensive finals. We use the finals as assessment tools for the courses
and the department.
Table 1 shows the number of students who have needed to repeat QBUS 100
for credit. Note that a grade of C- or better is required for a class to count for both
the College Core and the Business Core at Siena College. Another way of viewing
the criterion for examination is the prediction of future success in more difficult
quantitative courses. In Table 1 we note that T represents the number of transfer
courses for credit in the given semester. D represents the number of students who
score D or D-, and W, WF, and WP all stand for some sort of withdrawal. DFW
represents the students by semester who received a D/F/W. The Total Students
column shows the enrollment of students in QBUS 100 for each semester. It should
be noted that for the fall semesters of 2016, 2017, and 2018, the totals include
students enrolled in either QBUS 100 or QBUS 100+.
Table 1
Grade Distributions per Year of QBUS 100 Students
Semester

D

F

W

T

DFW

Total
Students

%DFW

%Pass

Fall 2010

44

20

46

54

110

509

21.6%

85.49%

Fall 2011

39

17

35

56

91

548

16.6%

89.43%

Fall 2012

26

23

36

15

85

407

20.9%

84.91%

Fall 2013

38

24

43

12

105

582

18.0%

88.25%

Fall 2014

29

24

28

3

81

461

17.6%

88.65%

Fall 2015

31

15

36

16

82

390

21.0%

86.36%

Fall 2016

27

11

18

13

56

354

15.8%

91.47%

Fall 2017

23

16

20

5

59

319

18.5%

88.46%

Fall 2018

27

12

15

11

54

294

18.4%

90.39%

We note that for a student to pass QBUS 100 they need to achieve at least a D
grade for the course. Hence, the overall passing percent of QBUS 100 is within
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acceptable ranges as one compares this course to other quantitative courses on
campus. The issue is that the percent of students receiving a D/F/W is over 15%,
which equates to more than 50 students every fall semester who either withdraw,
fail, or barely pass the first level QBUS 100 class.
Increasing retention rates and decreasing the need for remediation is a focal
point at many colleges and universities (Shelton and Brown 2010). In our literature
review, we point out a few options that a college can use for remediation. We
decided as a department not to add another course to the student’s curriculum and
further hinder their graduation. Instead, we focused on our first level quantitative
course (QBUS 100), and we embedded specific topics that were identified as the
crucial underpinnings that our students were not proficient in, despite these topics
being a part of the traditional high school or secondary educational curriculum. We
were able to identify the important remedial topics through many years of
departmental assessments. This process is discussed in detail later in this section.
First, we needed to find the students who would benefit the most from a
redesigned course (QBUS 100+). Using the departmental assessments, we found
the key algebra concepts that most students struggle to learn. The deficiency in
these core algebra topics plays an important role in students ending with a grade of
DFW in the QBUS 100 class. The BAAS department designed a placement test to
focus on these pivotal algebra concepts.
Table 2 below shows the total number of students who sent their Math SAT
score and their corresponding QBUS 100 fall grade from 2009–2013. The table
illustrates that if a student has a Math SAT above 550, the likelihood the student
will receive a DFW in the course is predicted to be less than 12%. We note that
other external factors (professor of record, freshman in college, etc.) could
contribute to the grade distribution we see in Table 2. Even though outside factors
play a role, the doubling of the percentage of DFW grades from 11.9% to 22.6%
was a point at which the administration stated was unacceptable. Hence, we allowed
any student who sends their Math SAT score above 550 to be exempt from taking
the placement test, and we focused our attention on the other students.
Table 2
Math SAT Grade Distribution for 2009–2013 of Students in QBUS 100
Math SAT

A

B

C

D

F

T

W

DFW

Total

Avg

%DFW

≤400

0

1

5

5

4

2

6

15

23

6

65.2%

401–450

4

16

19

9

5

5

15

29

73

18

39.7%

451–500

22

40

49

24

6

14

27

57

182

46

31.3%

501–550

51

84

91

34

5

14

31

70

310

78

22.6%

551–600

120

157

78

28

5

8

16

49

412

103

11.9%

601–650

141

97

28

9

4

6

16

29

301

75

9.6%

651–700

62

23

9

0

0

2

5

5

101

25

5.0%

701+

15

3

2

0

0

0

0

0

20

5

0.0%
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We understand that the SAT is not a perfect predictor of academic success
(Scott-Clayton 2012; Bailey and Jaggars 2016), but it does provide a starting point
for identification of our target population needing remediation. The reason for the
first cut was an attempt to minimize the cost in using a placement test. We surveyed
a few major companies offering placement tests, settling on Pearson’s
MyMathTest. Pearson’s multiple-choice test was a good option based on ease of
use and cost per student.
We can separate the topics of QBUS 100 into two groups. The first group is
business applications (break-even analysis, marginal profits, supply and demand,
etc.) taught through the use of algebraic functions (polynomials, exponentials, and
logarithms). The second group is time value of money, which covers compound
interest, all annuities, and bonds. The Business Analytics Department assesses
QBUS 100 every fall semester for assurance of learning. Our assurance of learning
is centered on five key learning goals in QBUS 100. The department uses
comparable questions on the mandatory final for QBUS 100 to assess these learning
goals. These questions allow us to measure our success for the course learning
goals. If the metric for a learning goal was not met, the department member would
expound on this deficiency, giving potential solutions to remedy the deficiency. All
QBUS 100 assessments would be sent to the course coordinator to analyze and
synthesize. This summary report would be sent to the department chair and would
be discussed at an end of the year assessment meeting.
Using these past QBUS 100 assessments, the department was able to identify
key mathematical skills needing remediation for successful completion of QBUS
100. In addition, the assessments of QBUS 110 identified these same quantitative
skills as the building blocks necessary for potential completion of QBUS 110. The
identified skills included reading comprehension, word problem translation,
choosing the correct formula, and algebra (for example: exponent rules, factoring,
foiling, solving linear equations, solving quadratic equations, and solving
exponential equations). These skills form the backbone of the 40-question, onehour placement test. Thirty of the questions pertain to algebra, as this will be the
focus of the most remediation. We then present the students with five questions on
reading comprehension and another five questions on word problem translations.
We did not give specific questions on choosing the correct formula. We find this
issue occurs in the time value money (TVM) section in QBUS 100 or QBUS 100+.
Via our assessments, we noticed students have an issue deciding between present
value and future value questions for TVM. This in turn leads to students choosing
the wrong formula for calculations. The past assessments and the grades on the
placement test allowed us to design the remedial hour. We detail our 11-week, one
hour per week remediation schedule later in this section.
One last note, the credits earned for QBUS 100+ and QBUS 100 are the same
at three credits. As a department, we debated whether to count the extra hour on the
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student’s transcript. We weighed the pros and cons of charging students for the
extra credit versus having students taking a course that asked for more work, but
equal credit. We decided against charging students for the remediation to minimize
the financial piece of QBUS 100+, and instead we offered the option of the
embedded remediation section for the same credit value. If a student did not want
to participate in the remediation sections, they could drop and add into a regular
QBUS 100 section. QBUS 100 only meets three hours a week, but QBUS 100+
meets four hours a week with three normal hours and one hour of embedded
remediation. The instructors teaching QBUS 100+ received a small stipend to pay
for the work involved with the extra credit hour. We discussed a few options for
QBUS 100+ and faculty load with the administration. We discussed making QBUS
100+ a four-credit course, keeping the course three credits for the student but using
four credit hours for the faculty load, and using the three-credit option and paying
the professor with a stipend for the fourth hour. We chose the stipend option for it
did not add a monetary increase to the students and it did not create imbalances in
the faculty load. Our professors have a 12-credit hour per semester load, and if we
created the course QBUS 100+ as a four credit hour course, this would cause some
scheduling conflicts and potential faculty shortages. We note all courses in the
School of Business are three-credit courses, which assists in balancing the schedule.
The same instructor taught all four hours for consistency, with additional
assistance in the fourth hour once the sections grew past 25 students in size, as
noted in the methodology section. The content, standards, and passing criteria for
QBUS 100 and QBUS 100+ are identical. It should be noted that the students of
QBUS 100 and QBUS 100+ did not occupy the same lecture. A student in QBUS
100+ had their own class distinct from the QBUS 100 students. By keeping all
students in QBUS 100+ together for class and the remediation lab, we were hoping
to create a friendly, cohesive learning environment. We were also trying to avoid
any potential stigma from students separating into lab and non-lab environments.
There are 14 weeks in a normal semester, so the department built 11 weeks of
discussion/labs. The department left three weeks open for holidays, weather,
sickness, and other external factors common during a college semester. A typical
QBUS 100 class would be three days a week on Monday, Wednesday, and Friday,
relegating the lab for either Tuesday or Thursday. Hence, a professor would either
have one or two lectures per week prior to the lab day. For each lab, an introductory
lecture on the remedial topic was followed by an in-class assignment. As the
students worked on this assignment, the professor of record would walk around and
assist in any way possible to encourage active learning.
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Topic 1: Algebra and Difference Quotient
This section (with two labs over two weeks) covers the algebra component.
Remediation focuses on mathematical order of operations. Then we discuss
what a function is and how to evaluate with a function. We challenge the students
to utilize this remediation to simplify the difference quotient or simple polynomial
functions. Since QBUS 100 is a pre-requisite to our Business Calculus (QBUS
110) course, we use this extra time to give the students early and frequent exposure
to the difference quotient. The difference quotient and its role in the derivative is
an area of struggle for our students in QBUS 110.

Topic 2: Linear and Quadratic Functions and Business
Applications
This section (with three labs over three weeks) continues the algebra discussion and
starts the discussion of word problem translation while increasing the reading
comprehension of our students.
Remediation in this section focuses on reading problems and translating them
into either linear or quadratic functions. The students know how to find the slope
of a line, how to find the equation of a line, how to find the vertex of the parabola,
and other math related outcomes. We focus on the meaning of the slope, how we
can use these functions to model business applications, and using graphs to find
optimal solutions to the business model.

Topic 3: Exponentials, Logs, and Business Applications
This section (with two labs over two weeks) continues our building of algebra skills
as we increase the student’s ability to translate word problems and increase their
reading comprehension.
Remediation in this section uses the same structure as in the linear and
quadratic sections. In addition, we focus on the inverse relationship between
exponentials and logarithms due to their presence in the time value of money
section in QBUS 100. This early exposure really helps students when we solve for
the time variable in an annuity question.

Topic 4: Time Value of Money
This section (with four labs over four weeks) really pushes our students’ ability
with reading comprehension and word problem translation.
Remediation in this section is a just-in-time review of all previous review
topics. We talk about simple interest, giving us a chance to review order of
operations. We talk about compound interest, giving us a chance to review the
inverse relationship of logs and exponentials. Finally, all these labs have word
problems, so we focus on whether the question is pertaining to future values,
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present values, deferred values, etc. This is a perfect time to reiterate the importance
of reading carefully. We want students to understand how one word can change the
process/formula we use.
In designing the QBUS 100+ course, we took some essential qualities from our
QBUS 100 course to lay the foundation. We applied some of the commonly
accepted factors that promote success in quantitative courses: the learning
environment, the utility of the subject matter, the engagement level of the professor,
and the attitude of the students. Ample documentation shows that these key
measures promote positive outcomes in quantitative courses. We wanted a friendly
learning environment so that we could challenge the students with tougher
mathematical concepts that stretched beyond the typical book questions. We kept
the focus of the students and their attitudes positive by constantly reinforcing the
utility of the skills they were learning.
The learning environment is an important aspect of our studies framework for,
as Singh et al. (2017) point out, the motivation for learning quantitative subjects
has a positive and significant relationship with both learning values and the learning
environment. Moreover Rahal and Zainuba (2016) show that a positive learning
environment promotes competence, improves students’ self-confidence, and results
in higher levels of class engagement. A positive learning environment in this case
means increased class engagement and the perception of the instructor’s positive
role in facilitating their success. These changes make for a quantitative course that
is more enjoyable for the student and the professor.
Environments that promote engagement also need to be smaller or consist of
fewer students. As Swap and Walter (2015) indicate, it is practically impossible to
achieve relational engagement in a class with large enrollment due to a lack of
interaction and interpersonal engagement between professors and students. In
addition, larger class sizes limit certain activities and are often restricted by varying
quantitative skills between students, causing a problem with student motivation
(Swap and Walter 2015). These findings on class size are supported by Arias and
Walker (2010) and Beattie and Theile (2016). The main benefit found in the
research is the increased interaction between professors and students. This
interaction increases comfort in the classroom (Beattie and Theile 2016) and creates
a better learning environment overall. The findings of these papers reinforce our
department’s decision to place the maximum class size at 25 in the QBUS 100+
sections. The class size is a distinction between QBUS 100 and QBUS 100+, as the
average class size of QBUS 100 is 32 students.
In the QBUS 100+ sections, the students utilize group work to bounce ideas
off each other, and to bond as they work through the problems. This is another
distinction between the QBUS 100 and QBUS 100+ sections. We built group work
into the lab days of the QBUS 100+ sections to promote engagement between
students. Doing so allows the professor to walk around the classroom and engage
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with the students in a smaller setting, an essential element in creating a supportive
environment for engaged learning (Arhgode, Wang, & Lathan 2017). Peer
interaction stimulates excitement about learning and encourages negotiation and
conflict resolution (Zins et al. 1997)
Each lab day, we want the students exposed to problems from different
application areas. For example, we ask the students to find the breakeven points for
a profit function that is quadratic. This example has many ways to solve (factoring,
quadratic equation, completing the square, and/or technology), and we want the
students to embrace the creative side to problem solving. We discuss how there are
sometimes many ways to solve a problem, and instead of fixing on just one tactic,
it is better to be open to learning a few procedures. Well-designed problems, in
addition to fostering retention, play an important role in the teaching of problemsolving skills (Hung 2006) as well as in the development of critical thinking skills
(Carriger 2015, 2016). Consequently, in order to foster deeper understanding and
retention, the abstract quantitative reasoning that is often seen as necessary to
promote logical thinking skills can and should be extended to the concrete aspects
of mathematical modeling (Thompson 2011). Both QBUS 100 and QBUS 100+
utilize the example I just described. The main difference would be the allowing of
time to focus on the systematic algebra needed to solve the problem. In a QBUS
100 section, you would have roughly two hours to discuss how to solve quadratic
equations. In a QBUS 100+ section, you would have the luxury of an extra hour
each week to extend the discussion.
In summary, based on our research, we adjusted the learning environment in
QBUS 100+ by decreasing class size to increase the engagement level of professor
and student. We added an additional hour of remediation focusing on applications
to increase utility of the subject and to increase the engagement between professor
and student. Finally, we utilized group work in the embedded remediation sections
to promote active engagement by all parties.

Methodology
Over the three-year period of study (2016–2018), the department chair
administered Pearson’s MyMathTest placement exam. The department built the
exam over the period of study to reflect the mathematical skills required to be
successful in QBUS 100. The department chair administered the placement test to
students whose incoming Math SAT was under 550 as per discussion of Table 2.
Each year we tested roughly 100 students via the placement test. We were given
permission by the administration to run two sections of QBUS 100+, capped at 25
students each, and we wanted to ensure we could fill them. We selected the students
with the lowest scores on the placement exam to be in the special QBUS 100+
sections unless scheduling conflicts did not permit access into the course. If a
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student did have a scheduling conflict that could not be resolved, we moved to the
next student in the list. In 2018, there was a last-minute scheduling emergency, so
we only offered one section of QBUS 100+. This emergency limited the number of
students to whom we could offer embedded remediation that semester.
Once the department chair analyzed and sorted the roughly 100 students who
took the placement test, the results were sent to the administration for scheduling.
The summary list ranked the students from lowest performing to highest. The
administration builds the schedules for all incoming freshmen. Hence, if a student
scored in the bottom on the placement test, they were placed in the QBUS 100+
sections unless there was a scheduling conflict that could not be resolved.
In our pilot year, we had nine students that should have been in our QBUS
100+ section but due to scheduling conflicts were not enrolled. At the end of the
2016–2017 school year, we found eight (88%) of these students either never took
the class or received a D, F, or W for a letter grade in QBUS 100. This percentage
warranted a deeper dive into the data. When we looked at these eight students to
see if they either retook the course or moved on and passed QBUS 110, we found
that two students retook the course and passed, one student transferred to a different
school on campus, and five of these students left Siena College.
Based on these results, the department set out to ensure we had the embedded
remediation class times at the optimal blocks for all types of students. We did this
by careful planning with various stakeholders on campus. We deployed this
strategy in fall 2017, and we were able to get all the students we wanted into QBUS
100+. Going forward this is a priority, as we want to ensure all students have a
chance to take the embedded remediation course if needed. We had our most
successful results in 2017, which could be due, in part, to changing our treatment
group’s scheduled class time, minimizing the chance for scheduling conflicts. We
note that as we tweaked the QBUS 100+ enrollment, this adjustment seemed to
have an effect on our results. As we continue our study, we will pay careful
attention to this detail.
As the size of the class grew over the three-year period, we added a learning
assistant to the lab hour, selected based on their past work and participation in the
mathematics tutoring lab. Our mathematics-tutoring lab is an additional support
service offered to all students in our foundation courses for six hours each week
and run by junior or senior status students that have excelled in these foundation
courses within our department. We chose a learning assistant to ensure the highest
level of competence in the remediation lab. The class size grew based on demand
from the student body and financial efficiencies set forth by the administration of
the college. We note that class size, particularly for underperforming students, is a
major factor in student performance in mathematics learning, with smaller classes
being ideal (De Paola et al. 2013).
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To help solidify and enhance the remediation, and to assist students in meeting
both the remedial learning outcomes as well as the general outcomes of the course,
homework was designed for each main topic integrating the key remedial
mathematical skill. We assigned the homework using the online platform
WebAssign with common problems selected across all sections of QBUS 100 and
QBUS 100+ for learning assurance and assessment purposes.
To try to control the variability between the QBUS 100 and QBUS 100+
groups and within each group, the department used common materials and
comparable assessments. The materials included the same text, chapter coverage,
and formula sheets. In addition, homework assignments were almost identical and
assigned via the WebAssign platform from Cengage. It is worth noting that the
BAAS department assesses QBUS 100 and QBUS 110 each year via the final
exams for learning assurance purposes. These assessments allowed the department
to ensure the appropriateness of the learning goals of these core courses. The
college has a standard grading policy, so this also helped to control the variability
between the assessments.
At the end of each fall semester, the course coordinator for QBUS 100 would
collect the final exams and assessments from each professor teaching QBUS 100
or QBUS 100+. The coordinator would ensure that the variability in the exam
questions were minimal, thus allowing for comparable analysis. The department
chair would also ask for the final grades at the end of each year for every course
the department taught. Hence, we had the complete grades for all students in QBUS
100 in the fall, their associated Math SAT score, the student’s major, and what
grade they got if they took QBUS 110 in the following spring semester.
Recall, from Table 2, that if a student has a Math SAT score above 550, the
likelihood the student will receive a DFW in the course is predicted to be less than
12%. Hence, since we had the Math SAT scores, we could establish a comparison
group by selecting the students who were in the general QBUS 100 sections for the
respective fall semester and had a Math SAT score below 550. The students in the
comparison group either did not score in the bottom on the placement exam, did
not participate in the placement exam, or were admitted to the college late and did
not have the opportunity to join the QBUS 100+ sections due to demand. In each
year we had 39 (avg. Math SAT score: 484), 45 (473), and 25 (459) students
respectively in the QBUS 100+ sections, and we had 77 (avg. Math SAT score 483),
94 (487), and 57 (494) students in the QBUS 100 comparison group.
This project was not a designed experiment but a retrospective analysis. We
did not conduct a randomized controlled trial as reported by Perez et al. (2018).
Instead, we opted for a similar approach to MSU: we created the most reasonable
comparison group given our circumstances. We note that there are potentially many
underlying differences between the groups, and these differences could explain
some of our outcomes. The test was voluntary, and response bias could have an
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effect on our results. In addition, if the administration ran into a scheduling issue,
the student was moved from QBUS 100+ to QBUS 100. The most common
scheduling issues we see for our students are related to work or athletics. Both of
those categories of students have outside influences on their final grades, which
could affect our results. We would like to repeat that the main similarity between
the two groups is a Math SAT score low enough that the potential likelihood of
these students to receive a DFW was over 20%.
We imported, formatted, and processed the data using both RStudio for the
advanced statistical analysis and Microsoft Excel for the tables and plots. Once we
established our two groups, we built the descriptive statistics tables (see below).
We applied the Chi-square test of independence when the assumptions allowed, and
we applied Fisher’s exact test if our assumptions failed. Both tests are appropriate
when comparing differences between two groups of data.

Results
Recall, our first research questions are:
•
•

Does embedded remediation have any impact on final grades and DFW rates in a first level
college core quantitative course that relies on applications to drive understanding?
Do initial success rates of the students from application-driven embedded remediation in
QBUS 100+ carry over to the next quantitative course in the sequence QBUS 110?

Tables 3 and 4 show the grade distributions in QBUS 100 over the period of
study for the students in the QBUS 100+ section(s) and the comparison group. We
define the row labeled Passing as any student that receives a letter grade A, B, C,
or D. One can see that the passing rate for the QBUS 100+ sections was roughly
97%, and the passing rate for the comparison students in the QBUS 100 sections
was roughly 83% over the years of study, a difference of 14 percentage points.
Table 4
Grade Distribution for Comparable Group in
QBUS 100

Table 3
Grade Distribution for QBUS 100+
Fall 2016

Fall 2017

Fall 2018

Fall 2016

Fall 2017

Fall 2018

A

15

17

4

A

19

13

10

B

12

17

12

B

18

34

18

C

5

7

5

C

17

20

11

D

6

3

3

D

10

11

6

F

0

1

0

F

6

7

7

W

1

0

1

W

7

9

5

Total

Total

39

45

25

Passing

38 (97.4%)

44 (97.8%)

24 (96%)

Passing

DFW

7 (17.9%)

4 (8.9%)

4 (16%)

ABC

32 (82%)

41 (91.1%)

21 (84%)
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94

57

64 (83.1%)

78 (83%)

45 (78.9%)

DFW

23 (30%)

27 (28.7%)

18 (31.6%)

ABC

54 (70.1%)

67 (71.3%)

39 (68.4%)
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Since we have small numbers for the failing count, we cannot run a Chi-square
test of independence. Instead, we used Fisher’s exact test to test independence of
the categories of class section versus passing or not. Fisher’s exact test p-values
were 3.26%, 1.2%, and 9.6% respectively for the years 2016, 2017 and 2018. The
results are significant for the years 2016 and 2017, leading us to conclude that
students enrolled in QBUS 100+ have an increased likelihood of passing. Please
recall that in 2018, due to a scheduling emergency, the BAAS department cut a
section of QBUS 100+ from the fall schedule. We believe by looking at the data
for 2018 and the trends over the three years that we still had a highly successful
semester. In 2018, we had 24 out of 25 students pass QBUS 100+. Even though the
p-value of Fisher’s exact test was 9.6%, we believe a 96% passing rate is a highly
successful course. There is room to improve, as the DFW rate for 2018 was still
above 15%, but this rate is half the value of the comparison group, indicating that
we are heading in the correct direction.
Of course, the Passing category includes the incredibly low grade of D. Please
note in Tables 3 and 4, the row labeled ABC, which is the count of students who
received a grade of C or better. In Tables 3 and 4, we counted the students receiving
a grade of either D, F, or W, and this total is in the row labeled DFW. Hence, if we
compare the ABC rate versus the DFW rate for the two sections, we could once
again try the Chi-square test of independence. In this case, all the expected values
were within acceptable ranges to run this test. The p-values for the test of
independence were 16.6%, 0.9%, and 14.3%, respectively, over the period of study.
Interpreting the p-values, one could suggest that our remediation efforts did not
have a significant effect on the DFW rate for the comparison group. Even though
we failed to show a significant difference between the two groups, we do note a
less than 20% likelihood of receiving a DFW if enrolled in QBUS 100+, a 10%
decrease from the QBUS 100 sections. Based on our data, QBUS 100+ increases
the likelihood of a student moving to the next course in the sequence, QBUS 110.
At the end of each year, the department chair summarized how the students
moving on to QBUS 110, the next course in the sequence, performed in the
following spring semester. The department chair analyzed the students that were in
either the QBUS 100+ section or the comparison group to help us in the data
collection. In Tables 5 and 6, we have the grade distributions in QBUS 110 for
those students who took QBUS 110 in the following semester.
We have two conclusions when we look at the performance of the students in
the next course of the quantitative sequence. We ran similar tests of independence
on our two groups and found for the passing percentage we had corresponding pvalues of 16.1%, 100%, and 45.7% from Fisher’s exact test for the corresponding
years 2016, 2017, and 2018. Similarly, the p-values from the Chi-square test of
independence for the ABC percentages were 51.1% (2016), 6.3% (2017), and 89%
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Table 5
Grade Distribution for QBUS 110 of
Students that Took QBUS 100+
Fall 2016

Table 6
Grade Distribution for QBUS 110 of Students
in the Comparison Group

Fall 2017

Fall 2018

Fall 2016

Fall 2017

Fall 2018

A

1

5

1

A

7

5

2

B

7

10

0

B

10

20

7

C

8

7

10

C

12

17

13

D

2

8

2

D

6

3

6

F

1

3

1

F

2

4

3

W

5

2

3

W

2

3

2

Total

24

35

17

Total

39

52

33

Passing

18 (75%)

30 (85.7%)

13 (76.5%)

Passing

35 (89.7%)

45 (86.5%)

28 (84.8%)

DFW

8 (33.3%)

13 (37.1%)

6 (35.3%)

DFW

10 (25.6%)

10 (19.2%)

11 (33.3%)

ABC

16 (66.7%)

22 (62.9%)

11 (64.7%)

ABC

29 (74.4%)

42 (80.8%)

22 (66.7%)

(2018) over the period of study. These large p-values make sense because one can
look at Tables 5 and 6 and see that there are minimal differences in both the Passing
(2017) and ABC (2016, 2018) percentages for those years. We review these results
in two different ways. We do not see a significant difference in success rates for
students that took QBUS 100+ as compared to students in the comparison group.
We believe there are many factors that play a role in this finding. For example: the
fact that the support we gave the students in QBUS 100+ was removed from QBUS
110, or the difference in the difficulty of the algebra in the course, or the difference
of a new professor, etc. Another way to view this result is that there is not a
significant decrease in passing percentages between the groups. Based on our
results, a student that took our embedded remediation course has the opportunity
for success in QBUS 100+, and that success can potentially carry these students on
to success in QBUS 110. Hence, a student who once struggled to pass the first of
our two quantitative courses now has a pathway to succeed not only in the first
course, but to potentially succeed in the second level course. As we assess and
improve QBUS 100+, we will keep the idea of sustained learning as a goal.

Discussion
We have used embedded remediation over the last three years in our first course of
a three-course quantitative sequence that all School of Business students must pass.
We did not change the course topics, but we instead added a required one-hour
lecture/lab that was devoted to the basic concepts behind the core topics. We found
that students who enrolled in the QBUS 100+ sections had a 14% increased chance
of Passing and a 12% increased chance of an ABC letter grade than the comparison
students who were enrolled in QBUS 100. We did have some results that were not
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statistically significant but the point estimates in the early years of this course lead
us to believe we are on the correct path.
The true purpose of our study was to find a way to assist students who needed
the most help. Historically, 22% of students received a letter grade of a D, F, or W
in QBUS 100, which our department deemed unacceptable. We were able to
identify approximately 100 incoming students from a class of roughly 300 that
needed our help, and we built a course with embedded remediation to assist them.
In perspective, if we did not provide the support this would amount to roughly one
third of our freshmen class at risk of needing to re-take QBUS 100.
We also wanted to see if the embedded remediation had a lasting effect in the
next course in the sequence. In particular, we wanted to see whether students that
had taken QBUS 100+ would pass the next course in the sequence at rates
comparable to those who took the standard QBUS 100 course. We continued to
track the students from the two comparison groups as they moved on to QBUS 110
in the spring semester. Using the data collected in Tables 3 and 5, we see a
considerable drop in the passing rate each year for the QBUS 100+ group as they
move from QBUS 100+ to QBUS 110. A big reason for the drop in passing rates is
due to the increase of students that withdraw (grade of W) from QBUS 100+ to
QBUS 110. This information led us to conclude that embedded remediation has an
immediate positive effect on a student’s performance, but once we drop this
support, the students have a potential to revert to their previous grade levels.
A student that was struggling to pass QBUS 100 now has an opportunity to
succeed in QBUS 100+ and potentially succeed in QBUS 110. As we continue with
the success of the QBUS 100+ course, we will investigate how to sustain the
quantitative skills learned in QBUS 100+ for usage at the next level in a future
study. We have found a way to improve student’s skills in QBUS 100, and now we
would like to find a way to harness these newly learned skills in QBUS 110. Our
Vice-President of Academic Affairs (VPAA) has expressed interest in creating a
QBUS 110+ section due to the success of the QBUS 100+ sections. Having this
new alternative would lend to a more robust investigation into embedded
remediation, and we look forward to this future endeavor.

Limitations
We made changes to our curriculum, pedagogy styles, class size, how we scheduled
our professors, and we added a learning assistant. These changes occurred all at the
same time, so it is impossible to determine which individual components had the
greatest effect on students. We have seen decreased DFW rates for QBUS 100+,
but we cannot say if these changes are due to reduced class size, the introduction of
a learning assistant, the usage of group work, a particular professor, or the usage of
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embedded remediation. We believe that there is a synergistic effect due to our
changes, and they created the positive results that we are seeing.
We expected small sample sizes based on our typical student body size. Due
to the small sample sizes, we did not attempt to account for differences that could
be attributable to factors such as high school GPA, demographics, or majors. These
factors could play a role in our results, so in future studies we will try to include
these important variables.
We also want to mention that the co-authors were all involved, in some way,
in the redesign. All members of the department vetted the placement, helped build
the remediation labs, and analyzed the results looking for areas of strengths and
weakness. Since QBUS 100 and QBUS 100+ are core classes, some of the coauthors taught the sections of the study. However, as the department chair gave the
placement test, they did not teach either section during the period of the study, and
only the administration placed the students into QBUS 100 or QBUS 100+. This
decision means the faculty teaching QBUS 100 did not know which students did
poorly on the placement test to minimize some of the bias.
All these limitations add a potential bias to our analysis and results. We could
have bias from the sample size, the fact that the co-authors were involved with the
redesign efforts, and the fact that some of the co-authors did teach some of these
core sections. In addition, it is possible that we had self-selection bias based on how
we created our comparison groups. These limitations restrict the robustness of our
analysis, and care should be taken when one generalizes our results.

Conclusions
Despite these limitations, and notwithstanding the need for further research, this
study strengthens the evidence that embedded remediation can be used to increase
quantitative abilities of students who would otherwise be placed in remedial
courses. We ran a study that paralleled those used at WSU (Perez et al. 2018) and
MSU (Matz and Tunstall 2019). We should note that MSU reported unfavorable
results when using embedded remediation, but WSU discovered that embedded
remediation seemed to have a positive impact on student performance. Please recall
that Siena College is a private religious institution. Our student body is small,
roughly 3,000 in total, and most students live on campus. We are similar in size to
WSU, but we are slightly under 10% the size of MSU’s undergraduate population
of around 38,000 students based on MSU’s online fact book.
We are also similar to WSU in that we utilized full-time professors for the
embedded remediation courses. This contrasts with the study from MSU, as the
remediation was the responsibility of the teaching assistants of the courses. We note
that we differ from both WSU and MSU in two key areas, and they are applicationdriven remediation sections and utilizing equal credit for QBUS 100 and QBUS
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100+. Recall, a main reason for keeping the credits the same for QBUS 100 and
QBUS 100+ was to try not to financially “penalize” a student for enrolling in the
remediation sections. As a department, we felt the financial difference would be
more of an issue to the student than the lack of a credit on the transcript.
We since focused on application-drive embedded remediation (Porter and
McKibbin 1988; Brunei and Hibbard 2006; Athavale et al. 2008; Grubb 2013), and
all identify that a vital component of teaching quantitative courses is ensuring
students see many applications of the learned quantitative skills. We gave a detailed
breakdown of the remedial hour per week and how to use a business application to
motivate the day’s activities. Based on our results, embedded remediation is a
possible pathway to increasing passing rates in a first level quantitative course.
Our findings in this three-year study show how embedded remediation could
be a solution to a problem that plagues many institutions. How do we help students
who come into college unprepared for the rigors of the quantitative courses in the
business curriculum? As Singh et al. (2017), Bessant (1995), Meece et al. (1990),
and Wigfield and Meece (1988) all point out, a school of business student typically
struggles in the quantitative courses. This struggle turns into a negative outcome on
academic performance and a motivator for selecting non-quantitative majors.
Based on the data, we have had initial success with our study, and we hope this
leads to diminishing the negative outcomes that quantitative courses have on
students’ academic record.
The results are promising, and we strongly believe that further study will
demonstrate that embedded remediation increases the likelihood of our freshman
business students completing their QBUS 100 and QBUS 110 in a one-year period.
Our results suggest that embedded remediation has the potential to decrease the
need for students to repeat QBUS 100, thus reducing their time and the cost of
achieving their major. Overall, we feel this study provides good evidence that a
course with embedded remediation benefits students and does not subject them to
the stigma of a non-credit bearing remedial course (Bailey and Jaggars 2016).
We hope other institutions will use our results to create a path that will allow
students to achieve the goals they set. We have found a path that works for us at
Siena College, and we hope other colleges struggling with this problem can do the
same by using our findings.

Acknowledgment
We would like to thank the reviewers for all their dedication and support throughout
this process. We especially thank the editor for his patience and direction as we
journeyed through the revision process.

https://digitalcommons.usf.edu/numeracy/vol15/iss2/art2
DOI: https://doi.org/10.5038/1936-4660.15.2.1391

20

McCollum et al.: Embedding Remediation and Curricular Design

References
Arghode, V., Wang, J., and Lathan, A. 2017. “Exploring Instructors’ Practices in
Student Engagement: A Collective Case Study.” Journal of the Scholarship
of Teaching and Learning, 17(4): 126-149.
https://doi.org/10.14434/v17i4.22099
Arias, J. J., and D. M. Walker. 2004. “Additional Evidence on the Relationship
between Class Size and Student Performance.” The Journal of Economic
Education, 35(4): 311–329. https://doi.org/10.3200/JECE.35.4.311-329
Athavale, M., R. Davis, and M. Myring. 2008. “The Integrated Business
Curriculum: An Examination of Perceptions and Practices.” Journal of
Education for Business, 83(5): 295–301.
https://doi.org/10.3200/JOEB.83.5.295-301
Attewell, P. A., D. E. Lavin, T. Domina, and T. Levey. 2006. “New Evidence on
College Remediation.” The Journal of Higher Education, 77(5): 886–924.
https://doi.org/10.1353/jhe.2006.0037
Bailey, T. R., and S. S. Jaggars. 2016. “When College Students Start Behind:
College Completion Series: Part Five.” The Century Foundation. Retrieved
from https://tcf.org/content/report/college-students-start-behind/
Barbitta, Susan, and William Munn. 2018. “Multiple Measures Placement in
North Carolina.” New Directions for Community Colleges 2018 (182): 59–73.
https://doi.org/10.1002/cc.20302
Ballard, C. L., and M. F. Johnson. 2004. “Basic Math Skills and Performance in
an Introductory Economics Class.” The Journal of Economic Education,
35(1): 3–23. https://doi.org/10.3200/JECE.35.1.3-23
Beattie, I. R., and M. Thiele. 2016. “Connecting in Class? College Class Size and
Inequality in Academic Social Capital.” The Journal of Higher Education,
87(3): 332–362. https://doi.org/10.1353/jhe.2016.0017
Bessant, K. C. 1995. “Factors Associated with Types of Mathematics Anxiety in
College Students.” Journal for Research in Mathematics Education, 26(4):
327. https://doi.org/10.2307/749478
Brunei, F. F., and J. D. Hibbard. 2006. “Using Innovations in Student Teaming to
Leverage Cross-functional and Marketing Learning: Evidence from a Fully
Integrated Undergraduate Core.” Marketing Education Review, 16(3): 15–23.
https://doi.org/10.1080/10528008.2006.11488968
Burn, H. E., E. M. Baer, and J. M. Wenner. 2013. “Embedded Mathematics
Remediation Using the Math You Need, When You Need It: A 21st-Century
Solution to an Age-Old Problem.” About Campus, 18(5): 22–25.
https://doi.org/10.1002/abc.21134

Published by Digital Commons @ University of South Florida, 2022

21

Numeracy, Vol. 15 [2022], Iss. 2, Art. 2

Carriger, M. S. 2015. “Problem-based Learning and Management Development—
Empirical and Theoretical Considerations.” The International Journal of
Management Education, 13(3): 249–259.
https://doi.org/10.1016/j.ijme.2015.07.003
Carriger, M. S. 2016. “What Is the Best Way to Develop New Managers?
Problem-based Learning vs. Lecture-based Instruction.” The International
Journal of Management Education, 14(2): 92–101.
https://doi.org/10.1016/j.ijme.2016.02.003
Clinkenbeard, J. E. 2021. “Course Design and Academic Outcomes in
Quantitative Literacy after Eliminating Required Remediation.” Numeracy
14(1): Article 3. https://doi.org/10.5038/1936-4660.14.1.1373
Davies, M. A., and S. Tikoo. 2018. “Motives Driving the Choice of a Business
Concentration: A Four-Country Study of Marketing, Accounting and
Finance, and Management Undergraduates.” Journal of Marketing
Education, 41(3): 185–201. https://doi.org/10.1177/0273475318773501
De Paola, M., M. Ponzo, and V. Scoppa. 2013. “Class Size Effects on Student
Achievement: Heterogeneity across Abilities and Fields.” Education
Economics, 21(2): 135–153. https://doi.org/10.1080/09645292.2010.511811
Denley, Tristan. 2016. “Co-requisite Remediation Full Implementation 2015–16.”
Tennessee Board of Regents Technical Brief No. 3. Accessed October 19,
2018. TBR CoRequisite Study - Full Implementation 2015-2016.
Gallagher, S. A. 1997. “Problem-based Learning: Where Did It Come From,
What Does It Do, and Where Is It Going?” Journal for the Education of the
Gifted, 20: 332–362. https://doi.org/10.1177/016235329702000402
Godden, D., and A. Baddeley. 1975. “Context-dependent Memory in Two Natural
Environments: On Land and Underwater.” British Journal of Psychology, 66:
325–332. https://doi.org/10.1111/j.2044-8295.1975.tb01468.x
Grubb, W. N., with R. Gabriner. 2013. Basic Skills Education in Colleges: Inside
and Outside Classrooms. New York, NY: Routledge.
https://doi.org/10.4324/9780203094297
Hern, K. 2012. “Acceleration across California: Shorter Pathways in
Developmental English and Math. Change.” The Magazine of Higher
Learning, 44(3), 60–68. https://doi.org/10.1080/00091383.2012.672917
Hung, W. 2006. “The 3C3R Model: A Conceptual Framework for Designing
Problems in PBL.” Interdisciplinary Journal of Problem-Based Learning,
1(1). https://doi.org/10.7771/1541-5015.1006
Jaggars, S. S., and M. Hodara. 2011. “The Opposing Forces That Shape
Developmental Education.” Community College Journal of Research and
Practice, 37(7): 575–579. https://doi.org/10.1080/10668926.2012.716754
Kashyap, Upasana, and Santhosh Mathew. 2017. “Corequisite Model: An
Effective Strategy for Remediation in Freshmen Level Quantitative

https://digitalcommons.usf.edu/numeracy/vol15/iss2/art2
DOI: https://doi.org/10.5038/1936-4660.15.2.1391

22

McCollum et al.: Embedding Remediation and Curricular Design

Reasoning Course.” Journal of STEM Education: Innovations and Research,
18(2): 23.
Lee, B. B., and J. Lee. 2009. “Mathematics and Academic Success in Three
Disciplines: Engineering, Business and the Humanities.” Academy of
Educational Leadership Journal, 13(3): 95–106.
Matz, R. L., and S. L. Tunstall. 2019. “Embedded Remediation Is Not Necessarily
a Pathway for Equitable Access to Quantitative Literacy and College
Algebra: Results from a Pilot Study.” Numeracy, 12(2): Article 3. DOI:
https://doi.org/10.5038/1936-4660.12.2.3
Mcclure, R., and S. Sircar. 2008. “Quantitative Literacy for Undergraduate
Business Students in the 21st Century.” Journal of Education for Business,
83(6): 369–374. https://doi.org/10.3200/JOEB.83.6.369-374
Meece, J. L., A. Wigfield, and J. S. Eccles. 1990. “Predictors of Math Anxiety
and Its Influence on Young Adolescents’ Course Enrollment Intentions and
Performance in Mathematics.” Journal of Educational Psychology, 82(1):
60–70. https://doi.org/10.1037/0022-0663.82.1.60
National Science Board. 2010. Science and Engineering Indicators 2010.
Arlington, VA: National Science Foundation (NSB 10-01).
Natarajan, R., and A. Bennett. 2014. “Improving Student Learning of Calculus
Topics via Modified Just-in-Time Teaching Methods.” Primus, 24(2): 149–
159. https://doi.org/10.1080/10511970.2013.854853
Perez, E., H. To, M. Fowler, and L. Larrivee. 2018. “Math Course for Liberal Arts
Majors: A Pilot with Embedded Remediation.” Numeracy, 11(1).
https://doi.org/10.5038/1936-4660.11.1.6
Porter, L. W., and L. E. McKibbin. 1988. Management Education and
Development: Drift or Thrust into the 21st Century? New York, NY:
McGraw Hill.
Rahal, A., M. Zainuba. 2016. “Improving Students’ Performance in Quantitative
Courses: The Case of Academic Motivation and Predictive Analytics.” The
International Journal of Management Education, 14(1): 8–17.
https://doi.org/10.1016/j.ijme.2015.11.003
Royer, Dan W., and Russell D. Baker. 2018. “Student Success in Developmental
Math Education: Connecting the Content at Ivy Tech Community College.”
New Directions for Community Colleges, 182: 31–38.
https://doi.org/10.1002/cc.20299
Schlee, R. P., M. T. Curren, K. R. Harich, and T. Kiesler. 2007. “Perception Bias
Among Undergraduate Business Students by Major.” Journal of Education
for Business, 82(3): 169–177. https://doi.org/10.3200/JOEB.82.3.169-177
Scott-Clayton, J. 2012. “Do High-stakes Placement Exams Predict College
Success?” CCRC Working Paper No. 41. New York, NY: Columbia
University, Teachers College, Community College Research Center.

Published by Digital Commons @ University of South Florida, 2022

23

Numeracy, Vol. 15 [2022], Iss. 2, Art. 2

Retrieved from: http://ccrc.tc.columbia.edu/publications/high-stakesplacement-exams-predict.html.
Shelton, Alison R., and Richard S. Brown. 2010. “Measuring the Alignment of
High School and Community College Math Assessments.” Journal of
Applied Research in the Community College 18(1): 1-10.
Singh, S., R. Misra, and S. Srivastava. 2017. “An Empirical Investigation of
Students’ Motivation towards Learning Quantitative Courses.” The
International Journal of Management Education, 15(2): 47–59.
https://doi.org/10.1016/j.ijme.2017.05.001
Sunday, O., and E. Nelson. 2017. “Mathematics Skills as a Predictor of Students’
Performance in First Year Accounting Courses.” NG-Journal of Social
Development, 6(4): 106–113. https://doi.org/10.12816/0039663
Swap, R. J., and J. A. Walter. 2015. “An Approach to Engaging Students in a
Large-enrollment, Introductory STEM College Course.” Journal of the
Scholarship of Teaching and Learning, 15(5): 1–21.
https://doi.org/10.14434/josotl.v15i5.18910
Tanner, J., M. Cudd. 1999. “Finance Degree Programs and the Issue of Student
Preparedness.” Journal of Education for Business, 74(6): 335–340.
https://doi.org/10.1080/08832329909601707
Thompson, P. W. 2011. “Quantitative Reasoning and Mathematical Modeling.” In
L. L. Hatfield, S. Chamberlain, and S. Belbase (Eds.), New Perspectives and
Directions for Collaborative Research in Mathematics Education.
WISDOMe Monographs (Vol. 1, 33–57). Laramie: University of Wyoming.
Retrieved from:
https://pdfs.semanticscholar.org/96b9/94eaccda158ee03523250cb10deeeac99
8a3.pdf.
Wigfield, A., and J. L. Meece. 1988. “Math Anxiety in Elementary and Secondary
School Students.” Journal of Educational Psychology, 80(2): 210–216.
https://doi.org/10.1037/0022-0663.80.2.210
Zins, J. E., M. R. Bloodworth, R. P. Weissberg, and H. J. Walberg. 2007. “The
Scientific Base Linking Social and Emotional Learning to School Success.”
Journal of Educational and Psychological Consultation, 17(2–3): 191–210.
https://doi.org/10.1080/10474410701413145

https://digitalcommons.usf.edu/numeracy/vol15/iss2/art2
DOI: https://doi.org/10.5038/1936-4660.15.2.1391

24

